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N-ACYIJ-l-AMINO ALKANE-1,1-DIPHOSPHONIC - 
ACID COMPOUNDS, PROCESS‘ or MAKING SAME, 
AND cowosmons ron AND METHOD or 

usmc SAME - 1 

BACKGROUND OF minim ' ' 

1. Field of the Invention 
The present invention relates to novel alkane diphos 

phonic aicds and .more particularly to novel N-acylated 
amino alkane diphosphonic acids, to a process of mak 
ing same, to methods of using same for their sequester-_ 

scale formation preventing e?'ect, and to com 
positions containing such compounds, said composi-. 
tions being useful as scale formation preventing agents. 

2. Description of the Prior Art " 

IS 

The most important representative ‘of amino alkane I 
phosphoric acids as they were known heretofore, is the 
l-amino ethane-l,l-diphosphonic acid. Said phos 
phonic acid, however, has the disadvantage that it is 
di?icultly soluble in water and also in alkaline solu 
tions. Due to its low solubility, the l-amino ethane~l ,1 
diphosphonic acid is unsuitable for many purposes. 

l-amino alkane l,l- diphosphonic acids which are 
substituted at the amino‘group, have also been pro~ 
duced heretofore. One or two hydrogen atoms of the 
amino group of such compounds have been replaced by 
alkyl, aralkyl, phenyl, or cycloaliphatic residues. Com 
pounds of this type are, ‘for instance, _N-methyl,- or 
N,N~dimethyl-l-amino ethane-1,1-diphosphonic acids. 
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But said acids are also di?icultly soluble like the I- .. 
amino ethane- l , 1 diphosphonic acid. 

SUMMARY OF THE INVENTION 

It is one object of the present invention to provide 
new and highly advantageous amino alkane phosphonic 
acid compounds, namely N-acyl-l-amino alkane-1,1 
diphosphonic acids. 
Another object of the present invention is to provide 

a simple and effective process of producing such N 
acyl- 1 -amino alkane-l , l diphosphonic acids. 
A further object of the present invention is to provide 

compositions containing said N-acyl-l-amino alkane 
l,l-diphosphonic acids. Said compositions are useful 
for preventing deposition of scale forming precipitates 
in aqueous systems. 
A further object of the present invention is to provide 

novel and highly e?'ective detergent and cleaning com 
positions containing such N-acyl-l-amino alkane-1,1 
diphosphonic acids. Said compositions can especially 
be used as additives to cleaning solutions for bottle 
rinsing machines and in tank and container cleaning 
operations. 
A further object of the present invention is to provide 

a method of using such N-acyl-l-amino alkane-1,1 
diphosphonic acids in order to prevent scale and de 
posit formation in aqueous systems, to inhibit corro 
sion, and to exert a sequestering and complex-forming 
e?'ect with respect to bivalent and polyvalent metal 
ions. 

Other objects of the present invention will become 
apparent as the description proceeds. 

In principle, the novel phosphonic acid compounds 
according to the present invention are N-acyH-amino 
alkane -l,l-diphosphonic acid compounds of the fol 
lowing formula: _3..; _ 
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P033. 

R-C N\ 1. 
cos" 

POIRIRG 

In said formula 
R, R’, and R" indicate hydrogen or lower alkyl, pref 
erably methyl, ethyl, or propyl; 

while 
R1, R,, R, and R4 indicate hydrogen or an alkali 
\ metal, preferably sodium. 
The new compounds have an excellent ‘scale and 

deposit formation preventing and sequestering e?'ect ‘ 
which is far superior to the effect caused by the known 
phosphonic acids which are not acylated at the amino 
group. In addition thereto, the compounds according to 
the present invention are readily soluble in water. Their 
high solubility in water is of very considerable impor 
tance for their use as scale formation preventing and 
‘sequestering agents in aqueous systems. Thus they can 
be used in many instances in which the corresponding 
non-acylated phosphonic acids could not be employed. 
The 'acylated amino alkane phosphonic acid com 

pound according to the present invention can be pre 
pared in a simple manner by acylating the alkali metal 
salts of the corresponding l-amino alkane-1,1-diphos 
phonic acids. . l I _ 

Suitable acylating agents are the acid anhydrides or 
acid chlorides of lower alkanoic acids or formic acid. 
For producing the compounds of the present inven 

tion preferably the phosphonic acid salt and the acylat 
ing agent are mixed with each other. The resulting 
mixture is heated under re?ux while stirring at the same 

time. The salt of the phosphonic acid can be added solid form. It is, however, also possible to produce the 

salt in the reaction mixture by the addition of an alkali 
metal hydroxide solution and then to acylate the result 
ing reaction mixture without isolating the alkali metal 
salt. 
The progress of the acylation reaction can be ascer 

tained by means of a thin layer chromatogram, since 
the acylation products are very considerably distin 
guished in their RF-values (retardation factor values) 
over the starting materials. When proceeding in this 
manner, a reaction solution is obtained from which the 
reaction product is recovered in solid form by evapora 
lion to dryness in a vacuum or by precipitation with a 
suitable water-miscible solvent, such as an alcohol, for 
instance, n-butanol or propanol-(Z); glacial acetic acid; 
acetone; and others. It is also possible to use the acyla 
tion solution directly without ?rst isolating the reaction 
product. ' 

If desired, the salts of the phosphonic acids can be 
converted in a manner known per se into the free acids, 
for instance, by neutralization or by a treatment with an 
ion exchange agent. 
The N-acyl-l-amino alkane-1,1-diphosphonic acids 

and their alkali metal salts can also be produced by 
alkaline hydrolysis of N-(l,l-diphosphono alkane) 
acylamidines, for instance, of N-( l,l-diphosphono 
ethyl) acetamidine which yields the N-acetyl-l-amino 
ethyl-1,1-diphosphonic acid, or of N-(diphosphono 
methyl) formamidine which yields the N~formylamino 
methane diphosphonic acid. 
The N-acyl-l-amino alkane-1,1-diphosphonic acids 

according to the present invention or, respectively, 
their alkali metal salts are capable of preventing depo 

ix 
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sition of scale forming deposits in aqueous systems 
even when added thereto in substoichiometrical 
amounts (seeding amounts). In addition thereto the 
novel phosphonic acid compounds have an excellent 
complexing power with respect to bivalent and polyva 
lent metal ions, for instance, with respect to calcium, 
magnesium, iron, chromium, manganese, and other 
ions. They also exert a high corrosion inhibiting effect. 
They can be incorporated into solid or liquid prepara 

4 
added. The glass beaker was covered with a watch glass 
and was allowed to stand at room temperature. It was 
then observed and noted after how many days a glass 
rod placed into the beaker and/or the walls of the bea 
ker showed formation and deposition of crystals 
thereon. The pl-l-value of the alkaline solution was 1 1.0 

TABLE 2 

tions to be used in aqueous media. The new phosphonic to W“ '5'“ 1' ' P" °' 7-° "Id 80' c 
acids are also well compatible with the conventional in val. 

washing and cleaning agents and detergents as they are _ cm M °f “mil”? ""h 
added u» and used in aqueous media. Thus, they can be "°" m“ ‘°"‘ 
combined with conventional washing and cleaning "{"mvbl'yPmim "'5'" 
agents and detergents to yield scale formation prevent~ t5 i'?'??m?i?wmw "86 
ing washing and detergent compositions. Their addi- ' acid _ 2-79 
tion, for instance, to washing and cleaning agents used u-m'yl‘n'i'zeggz'gmmw s 25 
in automatically operating bottle rinsing machines or in N-Methylamino methane p I 
the cleaning of tanks and containers has proved to be :Mhnk “a. “6 

_ Jropionyl-l-ammo ethane-1.1 
t590cm!!!’ Valuable- 20 diphosphonie acid (Example 2) 4.54 
The following Table 1 illustrates the surprisingly l-Amim slimy-l J'diPhWiF “id 3-97 

improved scale formation preventing effect of the N- 13”" 525 
acyl-l-amino alkane-l ,l-diphosphonic acids according minim propana-l,l-diphoq>hoaie s 04 
to the present invention in comparison to the corre 
sponding nonacylated l-amino alkane-l,l-diphos 
phonic acids at an alkaline pl-l-value of the aqueous 
medium while Table 2 shows said effect in an aqueous 
medium of a pH of 7.0. In said Tables the sodium salts 
of the phosphonic acids obtained according to the ex 
amples were calculated as free phosphonic acids. 

TABLE 1. 

To determine the eifect of the acylated amino al 
kane-l,l-diphosphonic acid compounds according to 
the present invention at a pH of 7.0, 2,0 mg. of the 
compound to be tested, calculated as free acid, were 

30 added to 100 cc. of water of a known hardness. The 

Threshold e?ect at an alkaline pH-value of 
the ueous medium 

. mm; eBe_et, i.e. c_al'eite' 
Amount crystals deposited after days 

7 Compound mg. l 2 3 4 5 6 9 l0 

N-Propionylamino 3 0 — - - _ _ _ _ _ _ 

methane diphos- 5 . O 0 0 - - - _ _ __ _. 

phonic acid - 
(Example l) 10 0 O 0 0 0 — — _ -_ _ 
Amino methane 3 — — - - - n - _ ._ _ 

diphoaphonic acid 5 

l0 0 ~ — — - - - - - _ .._. 

N-Acetyl-N-methylamino 3 0 — — - - - _ _ _ _ 

methane diphoa- ' 
phonic acid 5 0 0 0 0 - - - _ _ _ 

(Example 3) 
l0 0 0 0 0 0 0 - -- _ 

N-Methylamino methane 3 — - - — - - _ _ _ _ 

diphoephonic acid 
0 — — — — - - _ _ _ 

0 0 — — — _ _ __ _ 

N-Acetyl-l-amino ethane- 0 0 0 0 0 - - _ _ 

l,l-diphoaphonic acid 
(Example 6) 0 0 0 0 0 0 0 0 0 
N-Propionyl- l -amino 
ethane- l , l -diphoaphonic 
acid (Example 2) 
l-Amino ethane-Ll-di 
phoaphonic acid 

N-Acetyl-l-amino pro 
pane- l , l -diphosphonic 
acid (Example 4) 
l-Am ino‘ propane- l , l - 
diphosphonie acid 

U! wu- UIUI U“ ‘all-II 0) UI O 

0 0 0 0 

ln-idTable 

linkage/He 
__. I. I. .. . i 

In order to determine the threshold or seeding value 
as shown in Table 1, there was dissolved a pre-deter- 65 solution was adjusted to a pH of 7.0 and was kept in a 
mined amount, in mg., of the compound to be tested in warming cabinet at 80° C. for 16 hours. The aqueous 
a glass beaker in one liter of water of l8.9° German solution was then filled up with distilled water to 100 
hardness to which 12 g. of sodium hydroxide were ec., ?ltered through a doublefolded ?lter, and the re 
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sidual hardness was determined in the ?ltrate and cal 
culated as m val. of alkaline earth metal ions according 
to the DIN 19 640 speci?cations. 1 m val. of alkaline 
earth metal ions corresponds to 2.8° German hardness. 
The following Table 3 shows the sequestering or 

complex-binding capacity of the N-acylated amino 
alkane-1,l-diphosphonic acid according to the present 
invention with respect to calcium ions. 

TABLE 3 

cc. of MoLot' 
0.25 molar mg.oi' cal; calcium 
calcium cium carb- per mol. 
acetate onate per g. of com 

Compound! solution of pound 
- compound _ 

N-Propionylamino methane 
diphosphonic acid 
(Example 1) 60.6 1,515.0 2.90 
N~Formylamino methane di~ 
phosphonic acid 
(Example 7) 37.5 936.0 2.02 
Amino methane diphosphonic 
acid 24.5 612.5 1.17 
N-Acetyl~N-methylamino me 
thane diphosphonic acid 
(Example 3) 87.0 2,175.0 4.46 
N-Methylamino methane di 
phosphonic acid 45.6 1,140.0 2.34 
N-Acetyl-l-amino ethane 
1,1-diphosphonic acid 
(Example 6) 55.0 1,375.0 4.06 
N-Propionyl-l-amino ethane 
1,1-dipholphonic acid 
(Example 2) 65.1 1,627.5 3.34 
l-Amino ethane-1,1-di 
pholphonic acid 49.6 1,240.0 2.54 
N-Acetyl-l-amino propane- 4 
lJ-diphosphonic acid 
(Example 4) 100.4 2,510.0 5.50 
l-Amino propane-1,1-di- , 
phosphonic acid 57.8 1.4450 3.17 

In order to determine the sequestering capacity with 
respect to calcium ions as given in Table 3 there were 
dissolved l g. of the compound to be tested in 70 cc. of 
distilled water. ‘The pH-value of said solution was ad 
justed to a pH of 11.5 by the addition of N sodium 
hydroxide solution while stirring. 10 cc. of a 2% sodium 
carbonate solution were added to the clear solution, 
whereafter an 0.25 molar calcium acetate solution was 
added drop by drop thereto until the solution remained 
permanently turbid so that the numbers or letters of a 
card placed behind the glass beaker could no more be 
deciphered. 

BRIEF DESCRIPTION OF THE DRAWING 

The attached drawing illustrates the thin layer chro 
matograms of N-acylated amino alkane-1,ldiphos 
phonic acids according to the present invention in com 
parison with the thin layer chromatograms of the corre 
sponding non-acylated amino a1kane-1,l-diphosphonic 
acids. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The following examples serve to illustrate the present 
invention without, however, being limited thereto. 

EXAMPLE 1 

19.1 g. (0.1 mole) of amino methane diphosphonic 
acid are dissolved in 9 cc. (0.5 moles) of water and 12 
g. (0.3 moles) of sodium hydroxide. 130.14 g. (1 mole) 
of propionic acid anhydride are added thereto and the 
mixture is boiled for 3 hours to 4 hours while slightly 
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6 
re?uxing. N-propionylamino methane diphosphonic 
acid is obtained in solution. 
The progress of the acylation reaction can be fol 

lowed by means of a thin-layer chromatogram. The 
N-acyl compound has a smaller RF-value than the 
nonacylated phosphonic acid. Developing solvent: 350 
cc. of propanol-(Z), 50 cc. of water, 20 g. of trichloro 
acetic acid dissolved in 80 cc. of water, and 0.5 cc. of 
concentrated ammonia. 

In order to isolate the N-propionylamino methane 
diphosphonic acid, the reaction solution is concen 
trated by evaporation in a vacuum. The resulting partly 
crystallizing heavy sirup is triturated with 60 cc. of 
n-butanol and the pure white precipitate is ?ltered off 
by suction. After drying, 28.4 g. (90.8 % of the theoret 
ical yield) of the trisodium salt of N-propionylamino 
methane diphosphonic acid are obtained. 

Analysis: Calculated: 4.47% N; 19.8 % P; 22.05% Na. 
Found: 4.60% N; 19.5% P; 21.00% Na. 
The drawing shows the thin-layer chromatogram of 

'N-propionylamino methane diphosphonic acid (la) 
compared with that of the starting amino methane 
diphosphonic acid (1). 

EXAMPLE 2 

20.5 g (0.1 mole) of l-amino ethane-1,l-diphos~ 
phonic acid are added to a cold sodium hydroxide 
solution of 18 g. of water and 4 g. of sodium hydroxide, 
while stirring. A solutionof the mono-sodium salt of 
said acid is obtained which remains clear for 2 to 3 
seconds. Said solution solidi?es immediately to a paste 
similar to a polymer. The resulting almost solid mass is 
then introduced into 169.2 g. (1.3 moles) of propionic 
acid anhydride. The mixture is boiled under re?ux for 
3 to 4 hours and is ?ltered. The ?ltrate contains the 
monosodium salt of N-propionyl-l-amino ethane-1,1 
diphosphonic acid. The progress of the acylation reac 
tion can be observed by means of a thin-layer chromat 
ogram. The N-acyl compound has a smaller RF-value 
than the non-acylated phosphonic acid. 

In order to produce the crystalline compound, the 
resulting solution is cooled to 10° C. Thereby the crys 
talline salt of the phosphonic acid is obtained. - 

Analysis: Calculated: 4.95% N; 21.9% P; 8.1% Na. 
Found: 5.25% N; 23.0% P; 8.2% Na. 
The drawing shown the thin-layer chromatogram of 

N-propionyl-l-amino ethane-1,1-diphosphonic acid 
(4b) compared with that of the starting l-amino 
ethane-1,1-diphosphonic acid (4b). 

EXAMPLE 3 

24.9 g. (0.1 mole) of the disodium salt of N 
methylarnino methane diphosphonic acid are boiled 
under re?ux in 51 g. (0.5 moles) of acetic acid anhy 
dride for 2 hours. The clear solution containing about 
40 % of the reaction product can be used as such. 

In order to produce the solid phosphonic acid salt, 
the solution is concentrated by evaporation in a vac 
uum in a boiling water bath. The residue is pulverized, 
boiled brie?y in 200 cc. of ethanol, ?ltered 00" by suc 
tion, and dried at 130° C. in a vacuum overnight. Yield: 
27.6 g. of the di-sodiurn salt of N-acetyl-N 
methylamino methane diphosphonic acid, correspond 
ing to 95.0 % of the theoretical yield are obtained. 

Analysis: Calculated: 4.8% N; 21.3% P; 15.8% Na 
Found: 5.2% N; 21.8% P; 15.2% Na 
The drawing shows the thin-layer chromatogram of 

N-acetyl-N-methylamino methane diphosphonic acid 
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(3a) compared with that of the starting N-methylamino 
methane diphosphonic acid (3). 

EXAMPLE 4 

21.9 g. (0.1 mole) of l-arnino propane-1,1-diphos 
phonic acid are added to a cold solution of 81.7 g. (0.8 
moles) of acetic acid anhydride and 13 g. of dilute 
sodium hydroxide solution (4 g. of sodium hydroxide in 
9 g. of water). The mixture is heated while stirring and 
is boiled under re?ux for 3 to 4 hours. The resulting 
solution is concentrated by evaporation in a vaccum, 
the residue is pulverized, suspended in alcohol, and 
dried. Yield: 24.9 g. of the monosodium salt of N-acet 
yl-l-arnino propane-1,1-diphosphonic acid corre 
sponding to 88 % of the theoretical yield. 

Analysis: Calculated: 4.95% N; 21.9% P; 8.1% Na. 
Found: 5.10% N; 21.5% P; 9.1% Na. 
The drawing shows the thin-layer chromatogram of 

N-acetyl-l-amino propane-1,1-diphosphonic acid (20) 
compared with that of the starting l-amino propane 
1,1-diphosphonic acid (2). 

EXAMPLE 5 

20.5 g. (0.1 mole) of N-methylamino methanedi 
phosphonic acid are suspended in a dilute sodium hy 
droxide solution (4 g. (0.1 mole) of sodium hydroxide 
in 9 cc. of water). 46.03 g. (1 mole) of fonnic acid are 
added to said solution. The mixture is then heated to . 
boiling. As soon as it has attained re?ux temperature, a 

' clear solution is formed. The reaction is completed 
after 2% hours. The solution is then added drop by 
drop to 400 cc. of acetone while stirring. After ?ltering 
by suction and drying of the pure white precipitate, 
23.9 g. of the monosodium salt of N-formyl-N 
methylamino methane diphosphonic acid, correspond 
ing to 93.7% of the theoretical yield, are obtained. 
Analysis: Calculated: 5.5% N; 24.3% P; 11.1% Na; 

Found: 5.9% N; 24.1% P; 10.5% Na. 

EXAMPLE 6 

. 22.7 g. (0.1 mole) of the mono-sodium salt of 1 
amino ethane-1,1-diphosphonic acid are boiled under 
re?ux in 30.6 g. (0.3 moles) of acetic acid anhydride 
for about 30 minutes. A clear solution is obtained. On 
cooling, a viscous yellowish sirup is produced. The 
sirup can be diluted with water and the aqueous solu 
tion can be used directly. In order to recover the crys 
talline reaction product, the sirup is added with stirring 
to 40 cc. of glacial acetic acid and the resulting crystal 
line product is ?ltered of!‘ by suction. After drying, 20.3 
g. of the mono-sodium salt of N-acetyl- 1 -amino ethane 
1,1<iiphosphonic acid, corresponding to 75.4 % of the 
theoretical yield, are obtained. 
Analysis: Calculated: 5.2% N; 23.1% P; 8.55% Na. 

Found: 5.3% N; 24.0% P; 9.30% Na. 
Progress of the acylation can be observed by thin 

layer chromatography. The N-acyl compound has a 
smaller RF-value than the non-acylated phosphonic 
acid. See the thin-layer chromatogram of N-acetyl-l 
amino ethane-1,1-diphosphonic acid (4a) of the draw 
ing compare with that of the starting l-amino ethane 
1,1-diphosphonic acid (4). 

EXAMPLE 7 

19.1 g. (0.1 mole) of amino methane diphosphonic 
acid are dissolved in 9 cc. of water and 4 g. (0.1 mole) 
of sodium hydroxide. 46.03 g. (1.0 mole) of formic 
acid are added thereto. The mixture is boiled for l to 2 
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8 
hours while slightly re?uxing the same. Thereupon, the 
clear solution is added drop by drop to about 500 cc. of 
methanol while stirring. 21.3 g. of the mono-sodium 
salt of N-formylamino methane diphosphonic acid, 
corresponding to 88.5 % of the theoretical yield, are 
obtained. , 

Analysis: Calculated: 5.8% N; 26.1% P; 9.5% Na. 
Found: 6.1% N; 25.8% P; 10.0% Na. 

EXAMPLE 8 

A solution of 24.6 g. (0.1 mole) of N-(l,1-diphos 
phono ethyl) acetamidine in a sodium hydroxide solu 
tion prepared from 250 cc. of water and 28.0 g. (0.7 
moles) of sodium hydroxide, is heated under re?ux for 
‘30 minutes, cooled somewhat, and poured into 1.5 
liters of methanol. The resulting precipitate which is 
very readily soluble in water is ?ltered 05 by suction. 
Yield: 38.3 g. 

In order to purify the crude reaction product, it is 
suspended in about 75 cc. of water. Concentrated hy 
drochloric acid is added to the suspension until a pH of 
1.0 to 2.0 is attained. Thereafter, the solution is boiled 
for a short period of time, treated with animal charcoal, 
and ?ltered while still hot. 30 cc. of methanol are 
added to the hot ?ltrate. Thereby the solution becomes 
turbid and ?nally crystallizes through and through. The 
crystalline product is ?ltered o? by suction and is 
washed with a small amount of water and methanol. 
After drying at 130° C. the mono-sodium salt of N-acet 
yl-l-amino ethane-1,1-diphosphonic acid is obtained. 
Yield: 26. 8 g. (theoretical yield: 26.9 g.) Melting 
point: 275° C. with decomposition. 

Analysis: Calculated: 5.2% N; 23.0% P; 8.5% Na. 
Found: 5.5% N; 22.8% P; 7.5% Na. 
The presence of the N-acetyl group was demon 

strated by the proton nuclear magnetic resonance spec 
trum. 

EXAMPLE 9 

A solution of 21.8 g. (0.1 mole) of N-(diphosphono 
methyl) formamidine in a sodium hydroxide solution 
prepared by dissolving 16.0 g. (0.4 moles) of sodium 
hydroxide in 250 cc. of water, is heated under re?ux for 
about 15 minutes. The solution can be used as such 
without isolating the compound according to the pre 
sent invention. _ 

To isolate said compound, the reaction solution is 
poured into 1.5 liters of methanol. The resulting pre 
cipitate is ?ltered off by suction and is dried. Yield: 
22.9 g. of the tetra-sodium salt of N~formylarnino meth 
ane diphosphonic acid (theoretical yield:32.6 g.) 

Analysis: Calculated: 4.3% N; 19.1% P; 28.2% Na; 
5.5% 11,0. Found: 4.4% N; 20.0% P; 25.1% Na; 4.4% 
11,0. 
The N-( 1,1-diphosphono alkane) acylarnidines used 

in Examples 8 and 9 as starting materials can be pre 
pared in a manner known per se, for instance, as de 
scribed in U.S. Pat. No. 3,919,297 and in German pub 
lished application No. 2,439,355. 

In general the novel N~acyl-1-amino alkane-l,1 
diphosphonic acids according to the present invention 
are prepared either 

a. by hydrolyzing an N-(1,1-diphosphono alkane) 
acylamidine of the following Fonnula ll 
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in which , 

R and R" are hydrogen or lower alkyl; 
R’ is lower alkyl; and 1 
R,, R’, R,, and R, are hydrogen or an alkali metal, or 
b. by hydrolyzing an N-(l,l-diphosphono alkane) 

acylamidine of the following Formula [I]: 

POJMR, 
I /“"l 

R-(lI N=C\ in an 
Penna, 

in which 
R and R" are hydrogen or lower alkyl; and 
R‘, 12,, R,, and R4 are hydrogen or an alkali metal. 
Hydrolysis is e?'ected in both instances in the pres 

ence of an alkali metal hydroxide. 
When carrying out hydrolysis with the acylarnidine of 

Formula III, the substituent R’ in the resulting diphos 
phonic acid is hydrogen while when hydrolzying the 
aclamidine of Formula ll, said substituent is lower al 
kyl. 
The following Table 4 shows the improved threshold 

or seeding effect of N-acetyl-l-arnino ethane-l,l~ 
diphosphonic acid (AADP) according to the present 
invention compared with that of the known phosphonic 
acid acetamidine, namely N-(l,l-diphosphono ethyl) 
acetamidine (DPAA), with l-amino ethane-1,1 
diphosphonic acid (ADP), and with l-hydroxy ethane 
1,l-diphosphonic acid (HDP). While the N-( l,l 
diphosphone alkane) acetarnidine has a certain thresh 
old or seeding effect, this effect is considerably im 
proved by hydrolyzing said acetamidine compounds to 
the corresponding N-acetyl-l-amino alkane-l,l 
diphosphonic acids according to the present invention. 
Furthermore, the complexing or sequestering power 

of the compounds according to the present invention is 
also considerably increased over that of the corre 
sponding acylamidine compounds. ~ 

TABLE 4 

Threshold effect at an alkaline pH-value of 
the a ueous medium 

Seeding effect, i.e. calcite crystals 
Amount de ited alter da 

Com- mg. i 2 3 4 5 6 7 8 § 10 ll 
pound 
MD? 3 0 0 0 0 O 0 — — - — — 

5 0 0 0 0 0 0 0 0 0 0 0 
DPAA 3 0 0 0 0 0 - - — — — — 

5 0 0 0 0 0 0 0 0 — - — 
ADP 3 o o - - - - - - - - - 

5 0 0 0 0 0 - — - - — — 

RD? 3 — — — — — — — — - — -— 

s o o - — — - - . — — -— - 

III said Table 
OHMMMMis-MMINMOnIM?IMUM/OI 
thewallofthebeakenwhile ' ~ 

_. r I. .. ‘in 

The threshold of seeding e?'ect is determined in the 
same manner as described in Table 1 whereby a water 
of a degree of German hardness of 179° is'used. ~ 
The following Table 5 illustrates the tests showing the 

complexing or sequestering power with respect to cal 
cium ions of the compounds according to the present 

10 
invention compared with other known‘ phosphonic acid 
compounds, namely of N-acetyl-l-amino ethane-1,1 
diphosphonic acid (AADP) according to the present 
invention compared with N-(l,l-diphosphono ethyl) 
acetamidine (DPAA) and l-amino ethane-Ll'diphos 
phonic acid (ADP) and of N-formylamino methyl di 
phosphonic acid according to the present invention 

' (FADP) compared with N-(diphosphono methyl) 

15 
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formamidine (DPFA) and amino methane diphos 
° phonic acid (AMDP). 

Table 5 

cc. of 0.25 mg. of calci 
molar calcium um carbonate Moi. of cal 
acetate aolu- per g. of cium per mol. 

Compounds tion compound of compound 

AADP 55.0 1,375 4.06 
DPAA 54.6 1.365 3.36 
ADP 49.6 1.240 2.54 
FADP 37.5 936 2.02 
DPFA 24.5 6. l2 L33 
‘AMDP 22.5 563 L08 

Determination of the sequestering power is carried 
out in the same manner as described with respect to 
Table 3. 
The following Table 6 shows the complexing or se 

questering power with respect to magnesium ions and 
the following Table 7 that with respect to ferric ions. In 
said Tables 6 and 7 there are compared N-acetyl-N 
methylamino methane diphosphonic acid of Example 3 
with the starting N-methylamino methane diphos 
phonic acid. 

TABLE 6 
mgMg by each mole Mg by each 

Compound g. of compound mole of compound 

N-Methylamino methane 
dipholphonic acid 333 2.81 
N~Acetyl-N-methylamino 
methane diphoaphonic 
acid 634 6.44 

Determination of the sequestering power is carried 
out in the same manner as described with respect to 
Table 3 whereby, however, an 0.25 molar magnesium 
acetate solution is ‘used in place of the 0.25 molar cal 
cium acetate solution. 

TABLE 7 

mg. Fe?ll) for g.-Atoma of Fe?ll) 
each I00 for each mole of 

- mg.of 

Compound compound compound 

N-Methylamino methane 
diphoaphonic acid 26.3 0.96 
N-Acetyl-N-methylamino 
methane diphoaphonic 
acid ' 35.2 1.50 

The sequestering power with respect to ferric ions 
was determined according to the thiocyanate method 
at a pH of about 2.0 to 2.5. According to said method 
100 mg. of the compound to be tested were dissolved in 
50 cc. of distilled water in a l00 cc. glass beaker while 
stirring by means of a magnetic stirring device. 1 cc. of 
0.1 N hydrochloric acid and 1 cc. of an 0.1 N ammo 
nium thiocyanate solution are added thereto and the 
resulting solution is titrated, while stirring continu 
ously, by the addition of an 0.1 molar ferric chloride 
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sc?ztlizgozntil the solution attains a permanent pink mn?mwd 

The N-acylamino alkane diphosphonic acid com- sodium slum-w as e 
pounds according to the present invention are added to 
coPvcn?onal .clcaning .°°“‘P°‘i.‘i°_"' and, especially to 5 0.2% of said mixture are dissolved in aqueous 1.5% 
and Pr alkali“. clawing 0' mimg ?uids‘ lmprovpd sodium hydroxide solution. The resulting solution is a 
cleaning or rinsing ?uids according to the present an- I - “y effective solution for cleaning homes and espe_ 
vention are, for instance, of the following composition - - - - -_ 
without’ howcver‘ being limited ‘hereto. csally bottles with aluminum accessories such as aluml 

w num labels and/or aluminum caps. 

EXAMPLE 1° EXAMPLE ls 

Coin 'tion: _ _ 

aixture of phosphoric acid mono- aad di _ _ 

methyl esters (Knapaack A0.) 40 s 15 Mixture of rho-vim» wd mono “ml-v1 
N-acetyl-l-amino ethane-lJ-diphosr ~ ester and of phosphoric acid iso 

phonic acid 20 % propyl ester (knapsack AG.) 40 % 
Antifoaming agent, Le. a bulk polymer - N-Acetyl-N-methylamino methane diphos 

of ethylene oxide with polypropylene phonic acid 20 % 
glycol sold under the trademark Water 40 *1 
PLURONIC L 61 (Wyandotte) l0 % 

Water 30 G 20 

0.2% of said mixture are dissolved in aqueous 1% 

0.2% of said composition are dissolved in a cleaning hydroxide wlu?mf‘ The resulting cleaning, “21" 
?uid consisting of an aqueous 1% sodium hydroxide has Proud w be My emxu" bottle "Ming 
solution. The resulting cleaning ?uid has proved to be mud 
highly effective in the cleaning and rinsing of glass 2’ EXAMPLE 16 
bottles. 

EXAMPLE 11 
Com ' n: 

Aqueous 67% gluconic acid solution 70 % 
30 ’ N-Propionyl-l-amino ethane-lJ-di 

c0lh%' ' n: phosphonic acid 20 % 
ium silicate 3S 5 Water 10 ‘I: 

N-Formylamino methane diphosphonic . 
acid 3 % 

$53: $22}: - f2: 022% of said mixture are dissolved in aqueous 1% 
Wetting agent, the nonyl phenol poly- 35 sodium hydroxide solution. The resulting cleaning solu 
93733533533331“ sen has proved to be highly e?ective bottle rinsing 
phenol sold under the trademark ?uid. 

sosnxorgun/o so (l'loecbt) us) : _ 
Illlll 'l‘r‘lodiu;l orthophosphate l0 5 ‘0 LE 17 

1% aqueous solutions of said mixture are advants- v w as ‘ 
geously used for cleaning and rinsing milk cans. "WA; “mm mm Wat ‘dd 3 q, 

‘ Sodiu hon 20 s 

EXAMPLE l2 4, w: 33mg ,7 g 

The composltio' ' n is the same as given hereinabove in "w Example 11, whereby, however, the N-formylamtno oxide per mole of nonyl phenol sold 
methane diphosphonic acid is replaced by N-forlnyl-N- "4" ‘i’ M“ ‘"OPAL "'0 ("Mk") 
methylamino methane diphosphonic acid. Mm mm ,3‘; 

0.2 % of the resulting composition are dissolved in 50 Tr'lodiuln We 10 15 
aqueous 1% sodium hydroxide solution to yield a highly 
‘dvamageous c 8 mluuon' 1% aqueous solutions of said mixture are advanta 

EXAMPLE l3 geously used for cleaning and rinsing milk cans. 
. . . . . . we claim- . 

The composition is the same a given herelnabove in $5 ' , _ _ _ 
Example 10' whereby’ however’ the N_a°etyl_1_unino 1. An N-acyl-l-amlno alkane-lJ-dlphosphomc acid 
ethane-1,1-diphosphonic acid is replaced by N-pro- of ‘he fomuh ‘ 
pionylamino methane diphosphonic acid. 
1% aqueous solutions of said mixture have proved to mm, R‘ 

be e?‘ective cleaning ?uids for milk cans. 60 R_(': N/ 

EXAMPLE l4 ‘0.1.x, \C0—R" 

sow _ I ‘o i in which 
wA'zz‘ymmylmpfwu 4i,“ ' 65 . R, R’, and R" are hydrogen or lower alkyl and 

photllcacid l0 5 R‘, Rg, R,, and R4 are hydrogen or an alkali metal. 
nukomc L 61 5 i 2. The compound of claim 1, in which 

Triodium orthophoaphate l0 s R, R’, and R" are hydrogen and 
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R‘, R,, R3, and R4 are hydrogen or sodium metal, said 
compound being N-formylamino methane diphos 
phonic acid or its sodium salts. 

3. The compound of claim _I, in which 
R is methyl, 
R’ is hydrogen, and 
R" is ethyl, while 
R,, R,, R3, and R4 are hydrogen or sodium metal, said 
compound being N-propionyl-l-amino ethane-1,1 
diphosphonic acid or its sodium salts. 

4. The compound of claim 1, in which 
R and R" are hydrogen and 
R’ is methyl, 

10 
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55 

65 

14 
while - 

R,, R,, R3, and R4 are hydrogen or sodium metal, said 
compound being N-formyl-N-methylamino methane 
diphosphoric acid or its doium salts. 

5. The compound of claim 1, in which 
R is ethyl, 
R’ is hydrogen, and 
R" is methyl, 

while 
R,, R,, R3, and R4 are hydrogen or sodium metal, said 
compound being N-acetyl-l-amino propane-1,1 
diphosphonic acid or its sodium salts. 

i t t i i 
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UNITED STATES PATENT OFFICE 

@CERTIFICATE OF CORRECTION 
Patent No. 4,029,697 Dated June 14, 1977 

Inventor(s) FRIEDRICH KRUEGER, WALTER MICHEL Page 1 of 3 

It is certified that error appears in the above-identified patent 
and that- said Letters Patent are hereby corrected as shown below: 

Column 1, line 18: "phosphoric" should read -- phosphonic -—. 

line 25‘: "l-amino" should read -- l-Amino --. 

"alkane 1,1" should read -- alkane-l,l --. 

Column 2, lines 24/25: "compound" should read -- compounds -—. 

Column 3, Table l: The heading should read as follows: 

-- Threshold effect at an alkaline pH-val‘ue of 
the aqueous medium 

Seeding effect, i.e. calcite crystals 
Amount deposited after days 

Compound mg. l 2 3 4 5 6 7 8 9 10 

Table 1: Under the column "mg." the values for the 
compound "N-Methylamino methane 
diphosphonic acid" should read: 

-- 3 

5 
1o - 



UNITED STATES PATENT OFFICE 

CERTIFICATE OF CORRECTION 

Patent No. 4,029,697 Dated June 14, 1977 

Inventor“) FRIEDRICH KRUEGER, WALTER MICHEL Page 2 of 3 

It is certified that error appears in the above-identified patent 
and that said Letters Patent are hereby corrected as shown below: 

Column 5, lines 52/53: "1,1 diphosphonic" should read 
-- 1,1-diphosphonic ——. 

Column 6, line 46: "shown" should read —- shows --. 

line 49: " (4b) " should read -- (4) ——. 

Colunm 7, line 11: "vaccum" should read -- vacuum ——. 

line 24: "methanedi—" should read -- methane di- ——. 

line 61: , "compare" should’ read —- compared ——. 

Column 8, line 33: "26. 8" should read -- 26.8 --'. 

Column 9, line 37: "acetamidine has" should read 
' -— acetamidines have ——. 

line 64: "a" should be cancelled. 

Column 10, Table 5: The amount of mg. for the compound DPFA 
‘ should read -- 612 -- instead of "6.12". 

Column 12, line 1: "—continued" should read -- continued ——. 

line 3: This line should be cancelled. 



UNITED STATES PATENT OFFICE 

' CERTIFICATE OF CORRECTION 

Patent No. 4,o29',697 Dated June 14-, 1977 

Inventor(s) FRIEDRICH KRUEGER, WALTER MICHEL Page 3 of 3 

It is certified that error appears in the above-identified patent 
anda that said Letters Patent are hereby corrected as shown below: 

Column 12, line 23: "highly" should read -- a highly --. 

line 36: "highly" should read —- a highly --. 

"diphosphoric" should read 
-- diphosphonic --. 

Column 14, line 4: 

‘"doium" should read -- sodium --. 

Signed and Scaled this 
Twenty-?fth Day Of October 1977 

[SEAL] 
Arrest: 

RUTH C. MASON 

Attesting Of?cer 
LUTRELLE F. PARKER 

Acting Commissioner of Patents and Trademarks 
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